ABSTRACT -Random amplified polymorphic DNA markers (RAPD) were used to estimate the variability of 14 genotypes of Brazilian wheat (Triticum aestivum L.), using a set of 50 random 10-mer primers. A total of 256 reproducibly scorable DNA amplification products were obtained from 48 of the primers, 83% of which were polymorphic. Genetic distances among genotypes were calculated and a dendrogram and a principal coordinates analysis showing the genetic relationships among them were obtained. Despite the low variability found (average genetic distance of 27%), two groups of genotypes could be identified, which probably reflect how they were formed. Studies such as this one may be important in the planning and development of future improvement programs for this plant species.
INTRODUCTION
Random amplified polymorphic DNA (RAPD) has been widely used to determine the genetic variability within species and show relationships among populations. This technique has recently been employed to investigate a wide variety of plants, such as Stylosanthes (Kazan et al., 1993) , Carica (Stiles et al., 1993) , Lycopersicon (Williams & St. Clair, 1993) , Avena (Heun et al., 1994) , Paspalum (Liu et al., 1994) , Theobroma (N'Goram et al., 1994) , Lens (Abo-Elwafa et al., 1995) , Medicago (Brummer et al., 1995) , Rubus (Graham & McNicol, 1995) , Allium (Maab & Klaas, 1995) , Zea (Lanza et al., 1997) , and Manihot (Colombo et al., 1998) . Its technical simplicity has facilitated its use in the analysis of genetic variability, with results being successfully correlated with established relationships based on pedigree records (Kresovich et al., 1992; Yang & Quiros, 1993; Stiles et al., 1993; Liu et al., 1994) . Triticum aestivum is an autogamous and hexaploid species that is largely used in human nutrition and had been intensely cultivated and improved.
In this paper RAPD markers were used to evaluate the variability and interrelationships of 14 Brazilian wheat genotypes.
MATERIAL AND METHODS

Wheat genotypes
Fourteen Brazilian genotypes were supplied by the Embrapa-Centro Nacional de Pesquisa do Trigo, Passo Fundo, RS, Brazil: PF 8914, PF 9027, PF 89119, PF 89339, PF 889199, PF 889300, BR 23, BR 32, BR 35, BR 43, IAC 13, TOROPI, PF 844002, and PF 844007 (Table 1) . These genotypes had been analyzed for other parameters, and were being used in experimental assay net or had been recommended for cultivation. Therefore, the results obtained could be compared with other types of data, providing a global assessment of the problems considered.
DNA template
High-molecular-weight genomic DNA was extracted from leaves of 21 day-old plants developed in a growth chamber. The DNA extraction procedure was described by Roy et al. (1992) . About 0.5 g of tissue was ground in liquid nitrogen and incubated with a lyses buffer (100 mM TRIS, 1.4 mM NaCl, 20 mM EDTA, 2% CTAB, 0.2% beta-mercaptoethanol) at 65 o C for 30 minutes. The resulting slurry was then treated with chloroform:isoamyl alcohol (24:1) and centrifuged at 12,000 rpm for 15 minutes. The aqueous phase was separated, and DNA was then precipitated from it using an equal volume of isopropanol and 1/10 volume 3M C 2 H 3 O 2 Na, pelleted, and suspended in sterile water.
RAPD materials
Fifty arbitrarily designed primers of ten deoxyribonucleotides were obtained from the Biotechnology Laboratory of British Columbia, Canada (primers nos. 201-250). The Taq DNA polymerase, plus the 10x concentrated PCR buffer, was supplied by the Biotechnology Center, Universidade Federal do Rio Grande do Sul, while the dNTPs sets were obtained from Amersham. Amplifications were carried out in a PerkinElmer Cetus DNA Thermal Cycler.
Amplification conditions
The amplification conditions were rigorously tested in optimization experiments. A standard procedure was TABLE 1. Wheat performance in relation to diseases and genealogical information on the genotypes investigated (Embrapa-CNPT).
Performance in relation to disease
arrived at, based on Williams et al. (1990) protocol. The PCR volume was 25 µL and contained 0.2 µM primer, 0.2 mM dNTPs, 2.5 U of Taq DNA polymerase, 1x PCR buffer (10 mM TRIS-HCI pH 8.3, 1.5 mM MgCl 2 , 50 mM KCl), and 10 ng template DNA. During the manipulation the tubes were kept on ice. The reaction mixtures were overlaid with mineral oil and subjected to PCR. Standard amplifications were performed at 45 cycles of 30 sec at 94 o C, 30 sec at 35 o C, and 30 sec at 72 o C. After the last cycle, the samples were kept at 72 o C for additional 5 min and then cooled to 4 o C. Samples of 10 µL were analyzed by electrophoresis on a 1.5% agarose gel, and the amplified products were detected with ethidium bromide staining.
Data analysis
Estimates of genetic distances were calculated by the King et al. (1993) method, and the dendrogram obtained by neighbor-joining (Saitou & Nei, 1987) , using the Treecon for Windows package (Peer & Wachter, 1994) .
RESULTS AND DISCUSSION
As previously mentioned, fifty arbitrary decamer primers were screened for their suitability to detect variation in PCR reactions with Brazilian wheat DNA templates. Of these, 48 amplified DNA, and 83% amplified polymorphic products. A total of 256 bands from 320 to 570 bp in size were scored as being present or absent per primer reaction. Each primer amplified two to ten bands, the majority producing four fragments. All of these markers showed the same pattern in three separate RAPD runs, for which the same amplification conditions have been used. Representative examples of runs are shown in Fig. 1 .
The average genetic distance among these genotypes, based on RAPD data, was 27%, the lowest value being 14% between genotypes 11 and 12 (Table 2) , and the highest, 40% between genotypes 3 and 11. This homogeneity of 73% is probably due to the fact that all the wheat genotypes used in Brazil have a common origin. Similar (though not as extreme) RAPD results were also obtained with British (Devos & Gale, 1992) or USA (He et al., 1992) varieties, but Sun et al. (1998) also found extreme homogeneity (79% to 88%, using 32 arbitrary primers) among respectively Chinese winter and spring common wheat. He et al. (1992) combined RAPD analysis with the DGGE (denaturing gradient gel electrophoresis) technique, and even with this potentially more discriminating combination obtained an overall similarity index of 62%. Quantitative estimates of genetic homogeneity based on RAPD markers were obtained by Lanza et al. (1997) in maize (37%), Graham & McNicol (1995) in Rubus (61%), Williams & St. Clair (1993) in tomato (63%), and Colombo et al. (1998) in Manihot (65%). The homogeneity observed in wheat, especially in Brazil, should be a question of concern to breeders, since it can lead to generalized liability to diseases and other noxious agents.
The dendrogram obtained from the genetic distances shows two distinct groups (group 1, genotypes 1, 2, 3, 5, 7 and 8; group 2, genotypes 4, 6, 9, 10, 11, 12, 13 and 14) that are internally rather homogeneous (Fig. 2) . The principal coordinates data confirm this result (Fig. 3 ). Attempts to relate these groups to characteristics of agronomic value, specially reaction to diseases, were unsuccessful. For instance, genotypes 11 and 12, which associated closely in the dendrogram, show a completely different behavior in relation to the stem rust disease, genotype 11 being susceptible and genotype 12 partially resistant to this fungus infection. Other high indices of similarity were found between genotypes who had one or more common ancestors (for instance, genotypes 6 and 4, or 7 and 8). The relationships observed, therefore, may reflect more the history of genotype formation than any other factor. Since the onset of civilization, plant diseases have had catastrophic effects on crops and the well-being of human populations. Infectious plant diseases continue to cause human suffering and enormous economic losses. Increasing human population and decreasing amounts of land available for agriculture make all approaches to securing the world food supply critical. Protection of crops from disease can substantially improve agricultural production. Although pesticides have successfully controlled disease, their continued and increasing use will have harmful effects on our health and the environment. Use of high-yield crop varieties can also improve productivity, but carries a risk -such genetically uniform varieties cultivated over enormous areas are susceptible to devastating epidemics. Thoughtful application to the plants own defense mechanisms, combined with additional genetic variability, can lead to more effective protection against plant pathogens (Baker et al., 1997) . There is an increasing awareness that variability profoundly affects host-parasite interactions. Variability should therefore be considered in the design of programs to control diseases and should influence decisions about the establishment and management of natural reserves for endangered species. One of the problems in doing so is that variability occurs at several levels of biological organization: among populations, within populations and within individuals. The question is to decide which of these levels is the most relevant for the dynamics and evolution of disease. Because each level has a qualitatively different effect on the hostparasite relationships, it seems unlikely that there will be a simple and general answer to this question (Schmid-Hempel & Koella, 1994) . In the case of organisms of economic interest, the situation is worsened, since the type of genetic improvement employed to obtain varieties and races may lead to a disequilibrium in the relationship between defense and attack developed in the course of the evolutionary history of organisms. Human intervention could lead to the extinction of defense genes whose secondary effects may affect yield. Additional genetic variability should be sought for wheat genotypes, either through related species or by genetic engineering, with the objective of improving the potential of defense against diseases of this important cultivated plant. Sun et al. (1998) suggest crosses with the Tibetan wheat. This subspecies has a high level of genetic heterogeneity and is easily crossable with other wheat, yielding highly fertile F 1 .
CONCLUSION
Seventy eight percent of the RAPD bands are shared by the analyzed genotypes.
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